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(54) A window pane! for 
unpressurised aircraft 

(57) A window panel for an 
unpressurised aircraft has an outer 
glass sheet (4) and an inner sheet 
(6) of plastics material. A peripheral 
adhesive band which is adhered to 
the exposed face of the inner sheet 
comprises a thermosetting material 
spacer 1 0, adhesive layers 1 2, 1 3 
(0.5 m.m. thick) and a further 
adhesive layer 14 (1 m.m. thick) of 
lower softening temperature with a 
face (9) for adhesion to the frame 
(3). An electrical heater (1 1) is 
embedded in the peripheral band 
close to its adhesive face, i.e. 
between layers 1 2 and 1 4 and is 
used to soften the adhesive during 
mounting or dismounting. 
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SPECIFICATION 

A window panel 

5 This inventon relates to a window panel, and 
in particular to a window panel for forming 
part of a glazing system for an unpressurised 
aircraft, in particular a helicopter windscreen. 
Conventional helicopter windscreen panels 

1 0 are of a laminated structure comprising a 
glass outer sheet which is bonded by a polyvi- 
nyl butyral interlayer to an inner sheet of plas- 
tics material, usually a stretched acrylic sheet. 
There is a requirement for rapid replace- 

1 5 ment of windscreen panels, in particular if 
they are damaged under combat conditions, 
and the invention is concerned with an im- 
provement in the use of an easily softened 
thermoplastic material which can be used to 

20 adhere a window panel to a window frame 
when a window panel is being fitted, and can 
also be resoftened for rapid removal of a 
damaged window panel. 

It has been proposed in GB 1 207 483 to 

25 use an attachment strip of thermoplastic adhe- 
sive around the inner edge of an automobile 
windscreen, which strip embodies an electrical 
resistance wire. When the wire is connected 
to an electrical supply it heats and the thermo- 

30 plastic material of the attachment strip softens 
so that the glass windscreen can then be 
adhered to the vehicle body. The thermoplas- 
tic strip used is a butyl rubber strip which is 
opaque. 

35 GB 1 210 288 proposes the use of a tacky 
strip of uncured Neoprene-based material in 
which there is a groove in which a resistance 
wire runs and which is filled with a polysul- 
phide mastic material which is softer than the 

40 material of the strip and which protrudes from 
the groove. When current is passed to soften 
the strip the mastic substance enters into any 
irregularities in the flange to which the win- 
dow panel is being adhered. 

45 The main problem when attempting to use 
a technique of this kind in the glazing of an 
aircraft windscreen is that a considerable 
amount of the adhesive strip would remain 
adhered to the window frame when the strip 

50 is heated for removal of a damaged window 
panel. This would mean that the window 
frame would have to be scraped and cleaned 
before a new window panel could be fitted. 
It is a main object of the invention to 

55 overcome this problem. 

According to the invention there is provided 
a window panel having a peripheral adhesive 
band which is adhered to the inner face of the 
panel and has an adhesive face of thermoplas- 

60 tic material for adhesion to a window frame, 
and an electrical heating element embedded 
in the adhesive band closer to the adhesive 
face of the adhesive band than to the panel. 
The window panel, may comprise an outer 

65 glass sheet and an inner sheet of polycarbo- 



nate or stretched acrylic. The inner polycarbo- 
nate sheet may have an outer coating of self- 
healing polyurethane. 

The face of the adhesive band adhered to 
70 the window panel may be of a thermoplastic 
polymeric material. Preferably the adhesive 
face of the adhesive band is composed of a 
thermoplastic polymeric material of lower sof- 
tening temperature than the face of the band 
75 adhered to the window panel. The adhesive 
band may also include a strip of thermosetting 
polymeric material between the electrical heat- 
ing element and the face of the band adhered 
to the window panel. 
80 In a preferred embodiment the peripheral 
adhesive band comprises a spacer strip of 
thermosetting polyurethane to one face of 
which the heating element is adhered by a 
first strip of thermoplastic polyurethane, a 
85 second strip of thermoplastic polyurethane 
which bonds the other face of the spacer strip 
to the inner face of the window panel, and a 
third strip of thermoplastic polyurethane of 
lower softening temperature than said bond- 
90 ing strips which is bonded to the first bonding 
strip and to the heating element and which 
provides the adhesive face for adhesion to the 
window frame. 

Preferably the heating element is flat and 
95 extends substantially parallel to the adhesive 
face. Usually the adhesive band is of a tran- 
sparent material. 

The invention also comprehends an aircraft 
window panel of the invention when adhered 
1 00 to a window frame of an aircraft. 

Further the invention comprehends a heli- 
copter windscreen comprising two window 
panels according to the invention adhered 
side-by-side to the front window frame struc- 
1 05 ture of a helicopter. 

Some embodiments of the invention will 
now be described, by way of example, with 
reference to the accompanying drawings, in 
which:- 

110 Figure 1 is a sectional view through the 
edges of two laminated window panels ac- 
cording to the invention adhered side-by-side 
to the front window frame structure of a 
helicopter, 

1 1 5 Figure 2 is a diagrammatic view of an 
electrical heating element embedded in an 
adhesive band employed in the structure of 
Fig. 1, and 
Figure 3 is a view similar to Fig. 1 of 

1 20 laminated window panels of different con- 
struction. 

Fig. 1 illustrated two window panels indi- 
cated generally at 1 and 2 which are adhered 
side-by-side to an upright member, indicated 

125 generally at 3, of the front window frame 
structure of the airframe of an unpressurised 
aircraft, such as a helicopter. The airframe 
includes such frame structure extending right 
around the windscreen area. Each of the win- 

1 30 dow panels may be a flat panel or a curved 



wrap-around panel appropriate to the design 
of the aircraft. 

Each of the window panels comprises a 
laminate consisting of an outer glass sheet 4 
5 which in this example is 2.5mm thick and 
carried on its inner surface an electrically 
resistive heating film 5 of conventional kind. 

The glass sheet of the laminate is bonded to 
an inner sheet 6 of polycarbonate which is 

1 0 6mm thick, by a polyurethane interlayer 7 
which is 2.5mm thick. The inner polycarbo- 
nate sheet 6 has an outer coating 8 of self- 
healing polyurethane which acts as a scratch- 
resistant layer, and may for example an abra- 

1 5 sion-resistant polyurethane of the kind de- 
scribed in GB 2 01 1 836 A or GB 2 070 
045 A. 

Around the periphery of the coated inner 
face of the polycarbonate sheet 6 there is a 

20 peripheral adhesive band which is adhered to 
the polyurethane coated face 8 of the polycar- 
bonate sheet 6 and has an adhesive face 9 for 
adhesion to the window frame 3. 
The peripheral adhesive band is transparent 

25 and comprises a spacer strip 10 of thermo- 
setting polyurethane which is 4mm thick, to 
one face of which a flat electrical heating 
element 1 1 is adhered by a first bonding strip 
1 2 of thermoplastic polyurethane which is 

30 0.5mm thick. A second bonding strip 13 
which is 0.5mm thick of the same thermo- 
plastic polyurethane as the strip 1 2 bonds the 
other face of the spacer strip 1 0 to the 
polyurethane coating 8 on the inner pofycar- 

35 bonate sheet 6 of the window panel. A third 
strip 14, which is 1mm thick, of a thermo- 
plastic polyurethane of lower softening tem- 
perature than the polyurethane of the bonding 
strips 1 2 and 1 3, is bonded to the first 

40 bonding strip 1 2 and to the heater element 
1 1 which is, in effect, embedded in the 
polyurethane of this third strip 14 which pro- 
vides the adhesive face 9 for adhesion to the 
window frame. 

45 The bonding strips 1 2 and 1 3 may be of a 
thermoplastic PN 03 polyurethane {a thermo- 
plastic polyurethane available from K.J. Quinn 
8* Company, Inc., of Maiden, Massachusetts, 
United States of America). 

50 During manufacture of the peripheral adhe- 
sive band the electrical heating element 1 1 is 
laid down on the outer face of the strip 1 2 in 
the form of two copper strips of crenellated 
configuration as illustrated in Fig. 2. The 

55 outer strip 1 4 in which the heating element 
1 1 is embedded is of thermoplastic polyether- 
or polyester-based polyurethane which is of a 
material which has a softening temperature of 
70X to 120T, that is below the softening 

60 temperature of the material of the bonding 
strips 1 2 and 1 3, and is sufficiently soft at 
about 105*C for adhesion to, and release 
from, the airframe member 3. 
The electrical heating element 1 1 is thus 

65 located asymmetrically in the peripheral adhe- 
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sive band cjoser to the exposed ashesive face 

9 of the adhesive band than it is to the 
polycarbonate sheet 6 of the window pane!. 

The adhesive band extends right around the 
70 inner periphery of the window panel. At an 
appropriate location ends of the heating ele- 
ment strips 1 1 are connected to terminals by 
which heating current can be applied. 
The airframe window structure, one element 
75 of which is indicated at 3, may be of a fibre- 
reinforced material to which the polyurethane 
of the strip 1 4 readily adheres when that strip 
1 4 is softened by the application of heating 
current to the heating strips 1 1 . 
80 A temporary protective layer may be applied 
on the adhesive face 9 of the strip 1 4 to 
avoid contamination during storage and hand- 
ling. That protective layer would be removed 
before use. 

85 As illustrated in Fig. 1, in an actual helicop- 
ter windscreen two such panels are mounted 
side-by-side with their edges separated by a 
gap of for example 4mm which is filled with a 
silicone filler 1 5 to give a flush-mounted 

90 windscreen. 

The peripheral adhesive band is transparent 
so that, in use, the extent of the wetting of 
the strip 1 4 onto the airframe window struc- 
ture may be observed through the window 

95 panel when the band is heated by the heating 
element. 

It is advisable, when glazing a helicopter 
window, that the temperature of the inner 
face of window panel should not rise substan- 

1 00 tially, despite the heat which is being applied 
by the electrical heating element 1 1 em- 
bedded in the adhesive band to soften the 
polyurethane strip 14 sufficiently to ensure 
that it bonds to the airframe structure. 

1 05 This construction provides thermal insula- 
tion between the heating element 1 1 and the 
coated inner polcarbonate sheet 6, principally 
by the substantial thickness of the spacer strip 

10 of thermosetting polyurethane. This en- 
110 sures that the adhesive strip 1 4 is softened 

and the window panel is adhered to the 
window frame before there has been any 
substantial heating of the coating 8 or the 
inner face of the polycarbonate sheet 6. 

115 The softening of the strip 1 4 during a 

glazing operation provides a cushioning effect 
which ensures uniform contact of the periph- 
eral adhesive band with the window frame 
structure 3 when uniform positive pressure is 

1 20 applied to the outside of the window panel 
during fitting, and the bulk of the peripheral 
adhesive band remains sufficiently stiff to 
transit the clamping force. This pressure is 
maintained on the window panel after the 

1 25 heating current has been switched off and 
until the strip 14 has stiffened and the adhe- 
sion of the window panel to the airframe is 
assured. 

When a damaged panel has to be removed, 
1 30 heating current is switched to the heating 
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element strips 1 1 and there is preferential 
softening of the strip 14. The damaged win- 
dow panel can then be pushed out, taking the 
majority of the peripheral adhesive band with 

5 it, and a new panel can be applied without 
any major cleaning of the window frame be- 
ing necessary. This ability to make and break 
adhesion to the airframe structure is not preju- 
dicial to the bonding to each other of the 

10 elements which make up the adhesive band, 
or to the bonding of the adhesive band to the 
inner face of the window laminate, or to the 
constitution of the laminate itself. 
The flush fitting of the window panels to 

1 5 the airframe structure gives a good field of 
view and the bonded construction has the 
ability to withstand airframe deflections and 
thermally-induced stresses which are peculiar 
to helicopter or light aircraft operation. 

20 Another construction according to the in- 
vention is illustrated in Fig. 3. The inner sheet 
6 of the window panel is a sheet of stretched 
acrylic. Acrylic materials can become dam- 
aged when the temperature begins to rise 

25 somewhat above 100T, because a sheet of 
stretched acrylic would undergo reversion at 
temperatures in excess of 104T. In this em- 
bodiment the strip 1 3 of the peripheral adhe- 
sive band is bonded directly to the exposed 

30 face of the inner acrylic sheet 6, and the 
thermal insulation provided by the strips 10, 
1 2 and 1 3 of the peripheral band between 
the heater element 1 1 and the acrylic sheet 6 
ensure that there is no substantial heating of 

35 the inner face of the acrylic sheet 6 during a 
glazing operation. 

CLAIMS 

1 . A window panel have a peripheral ad- 
40 hesive band which is adhered to the inner 

face of the panel and has an adhesive face of 
thermoplastic material for adhesion to a win- 
dow frame, and an electrical heating element 
embedded in the adhesive band closer to the 
45 adhesive face of the adhesive band than to 
the panel. 

2. A window panel according to Claim 1 , 
comprising an outer glass sheet and an inner 
polycarbonate sheet. 

50 3. A window panel according to Claim 1 , 
comprising an outer glass sheet and an inner 
stretched acrylic sheet. 

4. A window panel according to any one 
of Claims 1 to 3, wherein the face of the 

55 adhesive band adhered to the window panel is 
of a thermoplastic polymeric material. 

5. A window panel according to any of 
Claims 1 to 4, wherein the adhesive face of 
the adhesive band is composed of a thermo- 

60 plastic polymeric material of lower softening 
temperature than the face of the band ad- 
hered to the window panel. 

6. A window panel according to any one 
of Claims 1 to 5, wherein the adhesive band 

65 includes a strip of thermosetting polymeric 



material between the electrical heating ele- 
ment and the face of the band adhered to the 
window panel. 

7. A window panel according to any one 
70 of Claims 1 to 6, wherein the peripheral 

adhesive band comprises a spacer strip of 
thermosetting polyurethane to one face of 
which the heating element is adhered by a 
first strip of thermoplastic polyurethane, a 

75 second strip of thermoplastic polyurethane 
which bonds the other face of the spacer strip 
to the inner face of the window panel, and a 
third strip of thermoplastic polyurethane of 
lower softening temperature than said bond- 

80 ing strips which is bonded to the first bonding 
strip and to the heating element and which 
provides the adhesive face for adhesion to the 
window frame. 

8. A window panel according to any one 
85 of Claims 1 to 7, wherein the heating element 

is flat and extends substantially parallel to the 
adhesive face. 

g. A window panel according to any one 
of Claims 1 to 8, wherein the adhesive band 
90 is of a transparent material. 

1 0. An aircraft window panel according to 
any one of Claims 1 to 9, when adhered to a 
window frame of an aircraft. 

11. A helicopter windscreen comprising 
95 two window panels according to Claim 10, 

adhered side-by-side to the front window 
frame structure of a helicopter. 

12. A window panel substantially as 
herein described with reference to Figs. 1 and 

100 2 or Figs. 2 and 3 of the accompanying 
drawings. 

1 3. A helicopter windscreen substantially 
as herein described with reference to Figs. 1 
and 2 or Figs. 2 and 3 of the accompanying 

105 drawings. 
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